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GRID INFLUENCING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of
International Application No. PCIT/EP2019/038157 filed
Apr. 1, 2019, which designates the United States of America,

and claims priority to EP Application No. 18172418.8 filed
May 15, 2018 and EP Application No. 18169854.9 filed Apr.

2’7, 2018, the contents of which are hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to grid influencing systems.

BACKGROUND

In grid mfluencing systems such as systems for increasing,
or controlling the transmission power of high-voltage grids
such as series compensation systems (referred to as Fixed
Series Capacitor—FSC) or 1 power flow controllers (Uni-
versal Power Flow Control—UPFC or APCU), 1t 1s neces-
sary to provide protective devices 1n the case of a grid fault,
for example a short circuit or ground fault. The protection
consists of a surge arrester and a bypass current path, which
1s closed 1n an electrically conductive manner 11 a grid fault
occurs. The fastest possible reaction 1n the case of a gnd
tault 1s crucial for the protective effect. The bypass current
path should typically be closed within two milliseconds (ms)
and subsequently be able to carry the fault current for a time
of a few seconds.

In known solutions, power semiconductors or a combi-
nation of a spark gap and circuit breakers are usually used
for the exemplary applications described. In this case, power
semiconductors are comparatively cost-intensive since they
have to be designed for the short-circuit current for a time
that 1s comparatively long for them. On the other hand, the
parallel arrangement of a spark gap and a circuit breaker that
1s likewise used requires a very large structural space.
Moreover, by virtue of its open design, the spark gap 1is
susceptible to environmental influences such as i1ce or expo-
sure to dust.

SUMMARY

The teachings of the present disclosure may be used to
provide a grid influencing system comprising a device for
generating a bypass current path, wherein said device
requires less structural space and 1s less sensitive to envi-
ronmental influences by comparison with the prior art. For
example, some embodiments include a grid influencing
system of a power supply grid (4) comprising a current-
conducting grid influencing component (6) and comprising
a short-circuiting device (8), wherein the short-circuiting
device (8) comprises a circuit breaker (10), characterized 1n
that the circuit breaker (10) 1s a vacuum circuit breaker
comprising a vacuum circuit breaker tube containing an at
least partly integrated pre-arcing device (12) for actively
generating an arc (14) between two contacts (19, 34).

In some embodiments, the circuit breaker (10) has a
contact system (16) comprising two switching contacts (18,
19), which are movable translationally with respect to one
another, and the contact system has an arc current path (20)
and a continuous current path (22), which are geometrically
separated from one another at least 1n the contact region.
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In some embodiments, the pre-arcing device (12) 1s
provided with an 1gnition electrode (24) for 1gniting the arc
(14) along an arc current path (20).

In some embodiments, contact surfaces (26) of the arc
current path (20) in a closed state of the circuit breaker (10)
are arranged with no contact with respect to one another.

In some embodiments, the contact system (16) has a
moving contact (18) and a fixed contact (19), wherein a
contact pin (30) 1s provided, which 1s able to be mechani-
cally coupled firstly to a drive unit and secondly to the
moving contact (18), and in that the contact pin 1s further-
more mechanically coupled to a pre-arcing contact (14) and
the pre-arcing contact 1s mounted such that 1t 1s movable
translationally along a switching axis (36) independently of
the moving contact (18).

In some embodiments, the grid influencing system (1) 1s
a series compensation system (3).

In some embodiments, the grid influencing system (1) 1s
a unified power tlow controller (2).

BRIEF DESCRIPTION OF THE DRAWINGS

Further configurations and further features of the teach-
ings herein are explained 1n greater detail with reference to
the following figures. They are purely exemplary configu-
rations which do not constitute any restriction of the scope
of protection. Features having the same designation but
different configurations are provided with the same refer-
ence sign in this case. In the figures:

FIG. 1 shows a schematic circuit diagram of a gnd
influencing system in the form of a unified power tlow
controller,

FIG. 2 shows a schematic circuit diagram of a gnd
influencing system in the form of a series compensation
system,

FIG. 3 shows a contact system comprising two contacts
with contact fingers 1n the open state,

FIG. 4 shows the contact system from FIG. 1 1n the closed
state,

FIG. 5 shows a vacuum circuit breaker tube comprising a
contact system and a pot-shaped contact with a translation-
ally movable 1gnition electrode arranged 1n the center,

FIG. 6 shows a vacuum circuit breaker tube 1n accordance
with FIG. § with an axially displaced 1gnition electrode and
an 1gnited arc, and

FIG. 7 shows a vacuum circuit breaker tube 1in accordance
with FIG. 6 with a closed contact system.

DETAILED DESCRIPTION

The teachings of the present disclosure may be embodied
in a grid influencing system for influencing a power supply
orid. In some embodiments, there 1s a current-conducting
orid mfluencing component and secondly a short-circuiting
device. In some embodiments, the short-circuiting device
comprises a circuit breaker, wherein the latter 1s embodied
as a vacuum circuit breaker comprising a vacuum circuit
breaker tube. In some embodiments, the vacuum circuit
breaker tube comprises a pre-arcing device for actively
generating an arc between two contacts.

In some embodiments, a vacuum circuit breaker com-
prises a modified vacuum circuit breaker tube and a dnive.
The pre-arcing device 1s at least partly arranged in the
vacuum circuit breaker tube, and generates an arc along an
arc current path between two contacts of the tube when a
orid fault occurs. Said arc 1s current-carrying for a few
milliseconds for as long as the mechanical contacts of the
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circuit breaker tube need to come together mechanically and
thus produce a continuous current path. That means that
when a grid fault occurs, a bypass current path 1s closed so
fast that the grid influencing component at the grid influ-
encing system does not incur damage. This 1s ensured by the
vacuum circuit breaker described.

By comparison with the prior art, the grid influencing
system described has the advantage that the short-circuiting
device employed, namely the vacuum circuit breaker, 1s able
to produce a corresponding protective eflect for the intlu-
encing components 1n an integrated device mn a confined
structural space, cost-effectively and 1n a manner protected
from ambient 1intluences.

In some embodiments, the circuit breaker tube has a
contact system comprising the two contacts mentioned pre-
viously, wherein these contacts are movable translationally
with respect to one another. In this case, the contact system
1s configured 1n such a way that 1t firstly has the arc current
path and that 1t secondly comprises a continuous current
path, wherein these two current paths are geometrically
separated from one another at least 1n the contact region.

The separation of the arc current path from the continuous
current path has the eflect that contact surfaces of the
continuous current path are not burdened by the formation of
an arc relative to their surface. The arc current path takes a
different geometric course than the continuous current path.
In some embodiments, upon the closing of the contact
system for establishing the continuous current path, no arc
arises between these two contact surfaces, for which reason
no imstances of fusion and no instances of welding arise
between the contact surfaces of the continuous current path.
Upon the contact system being opened again, such instances
of welding would result 1n surface damage that could 1n turn
adversely influence the electric field prevailing between the
contacts. In some embodiments, contact surfaces of the arc
current path remain without contact even 1n the closed state.
The contact surfaces of the arc current path are preferably
geometrically separated from the contact surfaces of the
continuous current path as mentioned.

In some embodiments, the pre-arcing device has an 1gni-
tion electrode for 1gniting the arc along the arc current path.
The 1gnition electrode serves to form an arc when an 1gnition
signal arrives. To that end, the pre-arcing device preferably
also comprises 1gnition electronics, which can optionally
also be arranged outside the circuit breaker tube.

In some embodiments, the short-circuiting device of the
orid influencing system, that i1s to say the circuit breaker
tube, has a contact system comprising a moving contact and
a fixed contact. The movement of the moving contact is
cllected with the aid of a contact pin, which firstly 1is
mechanically coupled to a drive unit and which secondly 1s
able to be mechanically coupled to the moving contact. The
contact pin 1s mechanically coupled to a pre-arcing contact,
which acts as an 1gnition electrode, wherein the pre-arcing
contact 1s mounted such that 1t 1s movable translationally
along a switching axis independently of the moving contact.

This configuration provides that the pre-arcing contact has
a significantly lower mass than the moving contact and can
thus be moved significantly faster with the same drive
energy. This fast movement of the pre-arcing contact brings
about an immediate (less than 10 ms) triggering of the arc
between the pre-arcing contact and a counterpart 1n the fixed
contact.

In some embodiments, the grid influencing system 1s
configured 1n the form of a series compensation system or 1n
the form of a power flow controller.
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FIG. 1 illustrates a basic circuit diagram of a grnid influ-
encing system in the form of a unified power tlow controller
(UPFC) 2. A power flow controller 2 1s a grnid influencing
system 1 which serves to make 1t possible, 1in national and
meshed electricity grids, to control and influence the trans-
mitted electrical power 1n individual lines such as overhead
lines 1n a targeted manner. Power flow controllers 2 can thus
be used to fulfill specific, contractually agreed power trans-
fers 1n a targeted manner in meshed grids.

The manner of operation of the power tlow controller 2
will not be discussed 1n more specific detail at this juncture.
It 1s merely stated that energy 1s tapped off from the
clectricity grid 4 with the aid of transformers T1, 1s con-
verted from alternating current into direct current with the
aid of converters and 1s converted into alternating current
again in order thus to influence the impedance 1n the grnid by
way ol a second transformer 12 by means of the alteration
of the phase angle between current and voltage. However, a
short-circuiting device 8 has to be provided for a short-
circuit situation, which short-circuiting device here 1s con-
figured 1n the form of a circuit breaker 10. The manner of
operation of the circuit breaker 10 will also be discussed
below.

FIG. 2 illustrates a basic circuit diagram of a grid influ-
encing system 1 1n the form of a series compensation system
3, the method of operation of which will likewise be
discussed only brietly. In a transmission system, the maxi-
mum magnitude of the active power that can be transmitted
via a line or via cables 1s 1nversely proportional to the
reactance of the line. By compensating for the reactance to
a certain degree using a series capacitor, i1t 1s possible to
realize an electrically shorter path and to achieve a higher
transmission ol active power. Since the series compensator
1s self-regulating—i.e. the power 1s directly (and without
monitoring) proportional to the grid current—it compen-
sates for the voltage drop that arises across the reactance.
The voltage stability in the transmission grid 1s increased as
a result. The series compensation system 3 also requires a
corresponding short-circuiting device which, 1n the case of
a grid fault or a short circuit 1n the grid, disconnects the
series compensation system from the grid very rapidly and
thus protects the system from relatively great damage. In the
series compensation system, too, a short-circuiting device
comprising a switch 1s used, which switch 1s explained 1n
greater detail below.

FIGS. 3 and 4 1n each case 1llustrate a contact system 3 of
a vacuum circuit breaker tube 11. For the sake of simplicity,
these figures only show the contact system 3; a basic
schematic cross section through a vacuum circuit breaker
tube 11 1s given in FIGS. 5-7. In principle, the contact
system 3 1n accordance with FIGS. 3 and 4, applied analo-
gously, 1s also part of a vacuum circuit breaker tube 11 1n
accordance with FIG. 5.

In this case, the vacuum circuit breaker tube 11 has a
housing 4, which, as already explained 1n FIGS. 3 and 4, 1s
not illustrated for the sake of simplicity. There 1s a vacuum
in this housing 13, which means that a reduced pressure
relative to the atmospheric pressure prevails in this region;
a high vacuum (less than 10~ hPa) may be present. In
contrast to gas-insulated circuit breakers, no quenching gas
or no insulating gas 1s present 1n the vacuum circuit breaker
tube 11 described.

The contact system 5 has two contacts; 1n principle, both
contacts could be configured as moving contacts, but 1n
general only one contact 18 1s configured as a moving
contact, and a second contact 1s a fixed contact 19. In this
case, the moving contact 18 1s connected to a drive (not
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illustrated here). The contacts 18 and 19 in FIGS. 3 and 4
here have fingerlike, intermeshing extensions 44 oriented
along a switching axis 36. In the examples in FIGS. 1 and
2, three fingerlike extensions 44 of each contact are 1llus-
trated; 1 principle, the number can vary, of course. It may
also be expedient for each contact 18, 19 to have only one
extension 44; the latter can then have for example a hali-
ring-shaped cross section 1n each case.

Furthermore, the vacuum circuit breaker tube 1s equipped
with a pre-arcing device 12, wherein the pre-arcing device
12 has at least one 1gnition electrode 24 and preferably
1gnition electronics 25, which 1n the case of a short circuit,
when the switch has to be closed very rapidly, supply an
clectrical signal to the i1gnition electrode 24. That has the
ellect that electrical charges are present 1n the region of
contact surfaces 40 for a so-called arc current path 20 and a
flashover 1n the form of an arc occurs between two contact
surfaces 40. In the event of a grnid fault occurring, therefore,
firstly the contact 1s bridged by the arc 14 i1gnited, as
described. While the arc 14 conducts the current, the con-
tacts 18 and 19 are then mechanically closed by the
mechanical drive, giving rise to contact between contact
surfaces 26 of a continuous current path 22.

This sequence 1s therefore expedient since the arc 14 can
be 1gnited faster (generally 1n less than 4 ms) and the current
can thus tlow via said arc for a short time until the slower
mechanical contact 18, 19 has closed.

In this way, an eflect that 1s the same as 1s the case from
the combination of a so-called spark gap with a circuit
breaker 1n accordance with the prior art 1s achueved 1n an
integrated manner 1 a vacuum circuit breaker tube 11. By
virtue ol the design described, however, a significantly
smaller structural space 1s required and, at the same time, the
vacuum circuit breaker tube 11 1s significantly less suscep-
tible to environmental influences compared with a so-called
spark gap, for example.

In some embodiments, there 1s a geometrically combined
arc current path 20 and continuous current path 22. That 1s
to say that the arc 14 could be effected between two contact
surfaces 26 of planar configuration of the contacts 18 and 19.
As a result of the deflagration of the contact surfaces 26 with
the arc 14, however, a melting zone arises at the surface,
such that the contact surfaces 26 can weld together when the
contacts 18 and 19 are closed. Upon reopening, this weld 1s
torn apart and pointed or sharp-edged surface roughnesses
arise, which can adversely influence the electric field during
the opening and closing of the contacts 18 and 19. For this
reason, 1t 1s expedient, as illustrated in FIGS. 3 and 4, for the
arc current path 20 to be geometrically separated from the
continuous current path 22.

The arc current path 20 1s illustrated 1n FIG. 3. It extends
along the extensions 44 and the arc current path 20 then
Tumps over flanks 46 of the extensions 44 at contact surfaces
24 of the arc current 20 of the corresponding flank 46 and of
the corresponding contact surface 24. FIG. 4 illustrates the
closed state of the contact system 5; the arc 14 between the
flanks 46 has extinguished and the current tlows via the
continuous current path 22, the contact surfaces 26 of the
two contacts 18 and 19 touching one another. This current
flow 1s now continuously stable.

In some embodiments, 1n an imntegrated manner 1n a switch
firstly an arc 1s switched, which arc leads very rapidly to a
current flow until the slower mechanical switching process
via the continuous current path 1s provided. In this case, the
continuous current path 22 and the arc current path 18 are
geometrically separated from one another, which can be
tashioned by the arrangement of the fingerlike extensions
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44. In the closed state of the contact system 5, the contact
surfaces 24 for the arc current path 18 are not in contact with
one another. Consequently, welding between the 1individual
contact surfaces 24 of the arc current path does not occur
either.

FIGS. 3 and 4 show a contact system 1n which the arc 14
1s 1gnited purely electrically by way of the ignition elec-
trodes 24 by means of a corresponding current or a voltage
being applied. The 1gnition electronics 25 serve to commu-
nicate a signal that triggers this provision of the current or
voltage at the 1gmition electrodes 24. Said 1gnition electron-
ics are not necessarily integrated into the vacuum circuit
breaker tube 11. Both the i1gnition electrodes 24 and the
1gnition electronics 235 are part of the pre-arcing device 12.
FIGS. 5-7 then illustrate an alternative possibility for gen-
erating the arc. This involves a mechanical system, wherein
the arc 1s 1gnited by the 1gnition electrode 24 being moved
very rapidly in the direction of the mating contact and field
boosting thus occurring, which leads to the i1gnition of the
arc. In this case, the pre-arcing device in accordance with
FIGS. 5-7 also may have pre-arcing electronics as well as
the 1gnition electrodes.

The circuit breaker tube 2 in accordance with FIG. 5
likewise comprises two contacts of an alternative contact
system 16, having a moving contact 18 and a fixed contact
19, these contacts being configured 1n a pot-shaped fashion
as viewed from the cross section. That 1s to say that they
have a depression 32 1n their center. A pre-arcing contact 34
1s arranged 1n the depression 32 of the moving contact 18.
Said pre-arcing contact 34 constitutes the 1gnition electrode
24. In this case, the pre-arcing contact 34 may not touch a
counterpart 37 in the fixed contact 19, 1n order to avoid
instances of welding.

The pre-arcing contact 34 1s connected to a push rod 30,
which 1s mtroduced through a hole 52 in the contact base 54
of the pot-shaped moving contact 18 and 1s mounted there
movably along a switching axis 42. Furthermore, the circuit
breaker tube 11 comprises a push tube 56, which 1s able to
be mechanically coupled to the movement of the contact pin
30 by a driver 58 at the contact pin 30 or at the push rod 50.
This coupling then brings about the translational movement
of the moving contact 18 1n the direction of the fixed contact
19.

Firstly, the contact pin 30 moves upward 1n the 1llustrated
view 1n FIG. 5. This means counter to the gravitational force
in the illustration 1n accordance with FIG. 5; an analogous
design in the opposite direction, along the gravitational
force, 1s likewise expedient. In this case, firstly the pre-
arcing contact 34 1s moved by the contact pin 30, where 1t
should be noted that the pre-arcing contact 34 has a signifi-
cantly lower mass than the system of the moving contact 18
and the push tube 56. Consequently, the pre-arcing contact
34 moves 1n the direction of 1ts counterpart 57, wherein, as
illustrated 1n FIG. 6, an arc 14 1gnites when the pre-arcing
contact 34 emerges from a shielding effect of the moving
contact 18 or from the depression 32. Given a suitable
setting, this movement proceeds 1n a few milliseconds. It 1s
thus possible that after approximately 1-3 milliseconds the
arc current path 32 for conducting an electric current is
cllected by way of the arc 14 through the circuit breaker tube
11. Corresponding fast drives, preferably a bounce-free
drive, are advantageous for this, which are not illustrated
here, but are known from the prior art. They i turn can
ensure a movement of the pre-arcing contact 34 and forma-
tion of the arc 14 1n the time ranges mentioned. A bounce-
free drive can be obtained, in particular, by the kinetic
energy of the moving contact upon impinging on the fixed
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contact being temporarily stored in a spring device (not
illustrated here) of the drive unit (this includes mechanical
Springs or gas pressure springs) or being converted into a
different form of energy such as heat.

FI1G. 6 then illustrates the next step. The contact pin 30 or >

the driver drive 58 has then also reached the push tube 56
during its translational movement and thereupon pushes the
moving contact 18 in the direction of the fixed contact 19,
with the result that the contact surfaces 26 of the contacts 18
and 19 lie one on top of another and a tlow of a continuous
current occurs (FI1G. 7). Depending on the application of the
circuit breaker tube 11 and depending on operating situa-
tions, faults or short-circuit currents can also flow via a
continuous current path 22.

LIST OF REFERENCE SIGNS

1 Gnid influencing system

2 Power flow controller

3 Series compensation system
4 Power supply grid

5> Contact system

6 Grid influencing component
8 Short-circuiting device

10 Vacuum circuit breaker

11 Vacuum circuit breaker tube
12 Pre-arcing device

13 Housing

14 Arc

16 Contact system

18 Moving contact

19 Fixed contact

20 Arc current path

22 Continuous current path
24 Ignition electrode

25 Ignition electronics

26 Contact surfaces

30 Contact pin

32 Depression

34 Pre-arcing contact

36 Switching axis

38 Contact piece

40 Contact surface of arc current path
42 Switching axis

44 Fingerlike extensions

46 Vapor layer
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50 Push rod

52 Hole

54 Contact base

56 Push tube
57 Counterpart

58 Driver

What 1s claimed 1s:

1. A gnid influencing system for a power supply grid, the

system comprising:

a current-conducting grid influencing component includ-
ing a unified power flow controller;

a vacuum circuit breaker including a vacuum circuit
breaker tube containing an at least partly integrated
pre-arcing device for actively generating an arc
between two contact surfaces; and

an 1gnition electrode for igniting the arc along an arc
current path;

wherein the unified power tlow controller comprises:

a first transformer to tap energy ofl of the power supply
grid,

and

a second transformer influencing an impedance of the
power supply grid by altering a phase angle between
a current of the power supply grid and a voltage of
the power supply grid.

2. The gnd influencing system as claimed in claim 1,

wherein:

the two contact surfaces are movable translationally with
respect to one another; and

the arc current path and a continuous current path geo-
metrically are separated from one another at least 1n a
contact region.

3. The gnd influencing system as claimed in claim 2,

further comprising

a moving contact surface and a fixed contact surface; and

a contact pin operable to mechamically couple a drive unit
to the moving contact surface;

wherein the contact pin 1s mechanically coupled to a
pre-arcing contact movable translationally along a
switching axis independently of the moving contact.

4. The gnd influencing system as claimed in claim 1,

wherein the contact surfaces 1n a closed state of the circuit
breaker are arranged with no contact with respect to one
another.
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